Mycoplasma strain 163K was isolated from the gills of a tench (Tinca tinca L.) with red disease. The cells are elongated, ovoid or flask shaped, consisting of a thicker body and a more slender part ending in a hemispherical terminal structure, that is apparently stabilized by a cytoskeleton. They are able to attach to inert surfaces and living cells. The most exciting property of the organisms is their fast gliding motion, which occurs on glass and plastic surfaces and which is not interrupted by resting periods. Growth occurs between 17 and 30°C, with an optimum at 25"C, in modified Hayflick medium with horse or bovine serum and in medium with swine serum. Acid is produced from several carbohydrates, but arginine and urea are not catabolized. The organism reduces tetrazolium chloride, produces film and spots and hydrogen peroxide, and is able to hemolyze and to adsorb to erythrocytes of several animal species. Indirect immunofluorescence test, growth inhibition, and metabolism iqhibition tests indicate that the mycoplasma represents a new species for which the name Mycoplasma mobile is proposed. Strain 163K (ATCC 43663) is the type strain.
In a study of 85 fish of several species, mycoplasmalike colonies were obtained on agar plates directly inoculated with unfiltered organ material of 16 of the 85 fish examined (17). Despite immense efforts, cultivation in further passages was only possible in one case, with an isolate from the gills of a tench (Tinca tinca L.). In a second study of 95 fish of several species (unpublished data), again mycoplasmalike colonies were observed repeatedly on agar plates directly inoculated with materials from the gills, skin, spleens and intestines, of the fish, but subcultivation did not succeed in any case. Consequently, there was only one type of mycoplasma isolated from these fish. However, this mycoplasma distinguished itself by such unique properties that its description as a new species appears to be justified.
MATERIALS AND METHODS

Mycoplasma.
The mycoplasma isolate originated from the gdls of a tench showing symptoms of red disease. Growth was obtained under aerobic conditions at an incubation temperature of 15°C on modified Hayflick medium. The details of primary isolation have been described previously (17). The isolate was designated strain 163K.
Media and cultivation. Strain 163K was isolated and generally cultivated in Hayflick medium (7) , modified as described before (17) . For the preparation of antisera rnycoplasmas were cultivated in Friis medium (13), modified as described before (17) . For the preparation of solid medium, 0.7% (wthol) purified agar (Oxoid no. 1) and 0.01% dextran were added. Strain 163K was usually incubated aerobically at 25°C. For determination of the temperature range enabling growth and reproduction, mycoplasmas were incubated at 4, 17, 25, 30, and 37°C. Strain 163K was filter cloned three times according to the recommended procedure, using a 220-nm-pore membrane filter (Millipore C o p ) (23).
Growth curves. Broth medium (5 ml) was inoculated with 0.5 ml of a mycoplasma suspension containing 7.85 x lo6 organisms (stock inoculum, kept at -70°C). The number of viable and reproductive mycoplasmas was determined at various intervals during incubation for 0,6,12,15,24,30,36, 48, 54, 60, 72, 96, 120, 144, 168, 192, 216, and 240 h by the * Corresponding author.
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colony count method (6) diluting the samples in microtiter plates (1). Growth curves were determined for strain 163K in several media and at several temperatures.
Morphological studies. The colonies of strain 163K were examined with a stereo microscope (Leitz). Cellular morphology was examined by dark-field microscopy, by scanning electron microscopy and by transmission electron microscopy, using a negative staining technique and sectioning of organism pellets.
For scanning electron microscopy, organisms were grown on glass cover slips in petri dishes. Cover slips with attached cells were rinsed three times in 0.1 M sodium cacodylate buffer (PH 7. 2), fixed in 2.5% (wt/vol) glutaraldehyde in the same buffer for 2 h at 4"C, and postfixed in 1% (wtlvol) cacodylate-buffered osmium tetroxide for 2 h at room temperature. After washing in buffer and dehydration in a graded series of ethanol and double-distilled water, followed by pure ethanol and amylacetate as intermediate fluid, the preparations were critical point dried in carbon dioxide, sputter coated with gold, and then examined in a Jeol model JSM 35C scanning electron microscope operating at 25 kV. Pictures were taken at approximately 30°C to the plane of the specimen holder.
For negative staining, organisms were grown in petri dishes on Pioloform films supported by electron microscope copper grids. The adherent cells on these films were directly stained with 2% (wt/vol) aqueous ammonium molybdate for 20 to 60 s without any preceding washing and fixation procedures.
For thin sectioning, fluid cultures were initially fixed by adding glutaraldehyde to a final concentration of 2.5% (vol/vol). After 4 h at room temperature or overnight at 4"C, cells were pelleted by centrifugation at 2,500 x g , washed in 0.1 M sodium cacodylate buffer (pH 7.2) or in veronal acetate buffer (pH 7.1), and postfixed in 1% (wt/vol) cacodylate or veronal acetate buffered Noble agar. Small cubes of the cell-containing agar were dehydrated in increasing concentrations af ethanol, and embedded in Ducupan ACM by the method of Luft (19) . Thin sections were made with an LKB model 4800 ultramicrotome, using glass knives, and were stained with 2% (wthol) aqueous uranylacetate for 10 min (28) followed by Reynolds lead citrate for 6 min (21). All specimens were examined with a Zeiss EM 10 electron microscope, using an accelerating voltage of 60 and 80 kV.
Filtrations studies. Filterability of strain 163K was determined by membrane filters (Millipore Corp.) with pore diameters of 450 and 220 nm. An unfiltered suspension was used as a control, and this suspension and each filtrate were diluted in 10-fold steps and spread (0.1 ml) on agar plates. After incubation for 5 days, the number of colonies was determined.
Reversion experiments. Strain 163K was passaged twelve consecutive times on growth medium devoid of penicillin or any other antibiotics by pushing inverted agar blocks across the agar surface. In each passage cell suspensions obtained by rinsing the agar plates were examined by dark-field microscopy.
Sterol requirement. Inhibition of growth by 5,10, and 20% sodium polyanetholsulfonate (Liquoid; Roche Diagnostics) and by 1% digitonin was tested by the disk method (12). Investigations for cholesterol requirement were performed in eight 100-ml bottles of media, consisting of a bottle with modified Hayflick medium containing 4% bovine serum (growth control), three bottles of serum-free medium (reagent controls), and four bottles of serum-free medium containing increasing amounts of cholesterol (26). Tween 80 could not been added as recommended by Tully (26) because of its toxicity for strain 163K, and cholesterol was solubilized in ethanol. The bottles were inoculated with about lo9 CFU of strain 163K. Organisms used for inoculation were washed twice with phosphate-buffered saline (PBS) (to remove the cholesterol originating from the culture medium) and resuspended in 2 ml of PBS. This suspension served as inoculum. After incubation for 6 days at 25"C, cells were harvested by centrifugation (20,000 x g for 45 min) and washed with PBS, and the protein content of the cell pellet determined by the biuret method (Merck, Darmstadt).
Biochemical tests. All biochemical tests (see Table 3 ) were performed as described by Aluotto et al. (3) . The experiments were performed 5 to 10 times.
Hemolysis and hemadsorption. The overlay technique (3) was used to test for hemolysis. Hemadsorption was determined as described by Sobeslavsky et al. (22) . Both tests were performed with human, equine, bovine, ovine, swine, rabbit, guinea pig, and fish erythrocytes.
Preparation of antisera. For the preparation of antisera, organisms were passaged six to eight times in modified Friis medium to eliminate traces of horse serum. They were then washed twice in PBS, resuspended in 1% of the initial volume, emulsified in the same volume of Freund adjuvant (Difco Laboratories), and administered to rabbits (20) .
Serological tests. For the serological comparison of strain 1163K with the established mycoplasma species, the indirect immunofluorescence test (IFT) (9) the disk-growth inhibition test (GIT) (8) and the metabolism inhibition test (MIT) (25) were used. The sources of the mycoplasma strains and antisera are indicated in Table 1 . For the IFT, rabbit antisera were used in dilutions of l:lO, 150, and 1:lOO and goat anti-rabbit fluorescein isothiocyanate-conjugated serum (Nordic) in the dilution of 150. For the GIT, plates were inoculated by the running drop method with mycoplasma cultures usually diluted 1 5 0 and 1:lOO. When the media appeared to be dry, paper discs saturated with 0.25 ml of undiluted antiserum were placed onto the surface and plates were incubated aerobically. Zones of inhibition were recorded after an incubation period of 5 to 12 days. The MIT was performed using microtiter plates. Beside undiluted broth cultures, dilutions of l:lO, 1:100, and 1:1,000 were tested against the serum dilutions in modified Hayflick medium containing glucose or arginine (1%).
DNA. The guanine-plus-cytosine (G +C) content of deoxyribonucleic acid (DNA) of strain 163K was determined by isopycnic centrifugation on three DNA batches (11). As a control for the technique, we also evaluated the G + C contents of DNAs from Acholeplasrna laidlawii and Mycoplasma pulmonis.
RESULTS
Morphology and ultrastructure. Strain 163 K produced typical fried-egg colonies on modified Hayflick medium containing horse or bovine serum and on modified Friis medium after incubation times of 2 to 6 days (17). The diameter of the colonies varied from 10 to 500 km depending on their density. Colonylike aggregates with a diameter of up to 500 pm were observed in broth medium, as flocks in the fluid producing a granular turbidity or attached to the bottom of the culture vessel.
The cells of strain 163K distinguish themselves from most other mycoplasmas by their morphology: they are conical or fllask shaped and have a distinct terminal structure. This could even be recognized in the dark-field microscope. Scanning and transmission electron microscopy confirmed this observation and revealed details. The flask shape exists in many variations ranging from coccoid to strong elongated forms ( Fig. 1) with dimensions from 0.3 to 1.6 pm in length and 0.1 to 0.5 pm in width. In spite of this pleomorphism all the cells are divided in a coccoid "body part" and a "head part." The head part is hemispherical or triangular and somewhat thickened ( Fig. 1 and 2) . On many cells, between the head part and body part there is a "neck part" showing a different length. Electron microscopy of ultrathin sections revealed that the organisms lack a cell wall and are bounded by a single membrane (Fig. 2a and b ). An electron-dense membrane-associated inner layer can be seen in the area of the headlike structure (Fig. 2c) representing probably a cytoskeletal element. The organisms stained pink in Giemsa stain and were gram negative.
Adherence. Organisms of strain 163K showed a remarkable ability to adhere to glass and plastic surfaces as well as to erythrocytes and tissue cells. When broth cultures were cultivated in plastic and glass petri dishes, the organisms attached to the bottom of the vessels, where they produced colonies which could not be removed by repeated extensive washing with PBS (pH 7.2). The ability to adhere to glass appeared within a few minutes (to the slide as well as to the cover slip). The adherence to erythrocytes and tissue cells was confirmed in dark-field preparations and in the adsorption of erythrocytes and tissue cells to colonies of strain 163K. Two types of hemadsorption depending on the age and the density of the colonies were observed (Fig. 3) : the erythrocytes adhered to the whole colony or they adhered only to the peripheral part of the colony.
Gliding motility. The most exciting property of strain 163K is its ability to glide on glass and plastic surfaces. The gliding motion of strain 163K is unique among mycoplasmas because of its speed, which is 2 to 4 p d s on average and 7.5 pm/s maximum under adequate culture conditions. Gliding motion can be observed in a simple dark-field preparation, in which the organisms are gliding on the slide as well as on the lower side of the coverslip. The organisms move in straight lines, in arcs, or in circles, with their headlike structure always orientated in the direction of the movement, and show a tendency to aggregate. They form gliding chains and also lay together with their sides in close contact during gliding. The gliding is not interrupted by resting periods. Subcultivation of the organisms for more than 50 passages on artificial medium did not have any effect on the ability to glide or velocity of movement.
Growth characteristics. Strain 163K grows under aerobic and anaerobic conditions. The growth characteristics under aerobic conditions were recorded by growth curves during growth at different temperatures (4, 17, 25, 30, and 37°C) . Figure 4 shows good growth of the organisms from 17 to 30°C with an optimum at 25°C. Weak growth occurred even at 4"C, but organisms died within 10 h at 37°C. At all temperatures enabling growth, the maximum cell number was reached between 40 and 50 h of incubation. The media used in the experiments did not have any decisive influence on the growth of strain 163K. Thus, there were no significant differences in growth curves obtained by cultivation in Hayflick medium (with either bovine or horse serum) or in modified Friis medium.
Fiterability and reversion. Organisms of strain 163K passed through membrane filters of 450-nm pore size with a slight reduction in the number of cells (from lo9 down to lo6 to lo7 CFU/ml) and through filters of 220-nm pore size with a strong reduction in the number of organisms (from lo9 down to lo2 to lo3 CFU/ml). No evidence of a change to bacterial forms was apparent during 12 consecutive passages on medium devoid of inhibiting substances, whether agar colonies or broth preparations, examined microscopically.
Sterol requirement. Strain 163K was strongly sensitive to 1% (wt/vol) digitonin (inhibiting zone, 12 to 15 mm) and showed a partial sensitivity to sodium polyanethol-sulfonate. Around the saturated disks was a zone of 2 to 10 mm (depending on the concentration of the polyanetholsulfonate) where colonies were much smaller and less dense than on the remaining areas of the plate. The growth response of strain 163K to the cholesterol content of the medium is shown in Table 2 . No growth was apparent in medium without serum and in serum-free medium enriched with 0.05% bovine serum albumin (fraction V) and 10 pg of palmitic acid per ml (base medium). However, there was increasing multiplication when 1 to 20 pg of cholesterol per ml was added to the base medium.
Biochemical characteristics. The results of the biochemical investigations of strain 163K are given in Table 3 . Variable results were obtained with some tests. Potassium tellurite reduction was positive in about half of the experiments only and depended on the size of the colonies, the duration of incubation and the concentration of the potassium tellurite. The color reaction demonstrating phosphatase activity was weak in comparison to the reference species M . arthritidis and present in only 25% of the experiments. Gas production after addition of hydrogen peroxide, demonstrating catalase activity, was weak and could be observed only with young colonies. The reactions for oxidase activity were positive in about 50% of the experiments. A strong film and spot production were observed on the modified Hay flick medium containing horse serum within 3 to 5 days of incubation, whereas no film and spots were produced on media containing bovine or swine serum. Serology. Strain 163K was compared with all of the established Mycoplasma and Acholeplasma species (Table  I) by the IFT, GIT, and MIT. The tests showed that strain 1163K is serologically unrelated to all previously described Mycoplasma and Acholeplasma species.
DNA. The G+C contents were 32.7 mol% for the DNA of A . laidlawii, 27.2 mol% for the DNA of M. pulmonis, and 23.5 mol% (range, 22.4 to 24.6) for the DNA of strain 163K.
DISCUSSION
Strain 163K is distinguished by its differentiated terminal structure containing cytoskeletal elements, its ability to attach to inert surfaces, erythrocytes, and tissue cells, and its extraordinarily fast gliding motion.
In its morphology, strain 163K has some similarities to other Mycoplasma species which have terminal structures: M . pneumoniae (4, 18), M. pulmonis (16, 18), M . genitaliurn (18, 27), M. gallisepticum (2, 18), M . alvi (14, 18), M . sualvi (15, 18), and M. pirum (10). These terminal structures have been given different designations (bleb, stalk, tip, and protuberance) (18). Since it is always pointed toward the direction of the gliding movement and has the appearance of a head, we chose to call the terminal structure of strain 163K 5, 24) . The velocity of movement of strain 163K, which is 2 to 4 pm/s on average and 7.6 pm/s maximum, is 10 to 100 times faster. In addition, the motion of strain 163K is not interrupted by resting periods, as is the motion of the other gliding mycoplasmas, and is easy to observe in a simple dark-field preparation without time-lapse exposures, heated chambers, or increased viscosity, which are required for the demonstration of movement of the other gliding mycoplasmas.
The evaluation of the properties of these organisms isolated from a tench fulfills the essential criteria for Mollicutes, including typical fried-egg colony form, pleomorphic cell form, absence of cell wall, passage through 450-and 220-nmpore filters, lack of reversion to bacteria, resistance to penicillin, and a low G+C content. According to the sensitivity of the organism to digitonin and its cholesterol requirement, it may be classified in the family Mycoplasmataceae, although the cells multiply at temperatures from 17 to 30°C, but not at 37°C. The inability to hydrolize urea indicates that the organism does not belong to the genus Ureaplasma. Strain 163K was serologically distinct not only from other members of the genus Mycoplasma but also from the members of the genus Acholeplasma. From these results it can be concluded that strain 163K represents a new species. For this species we propose the name Mycoplasma mobile (L. adj, mobilis, motile; referring to the most striking property of this organism). A cloned line of this strain is designated as the type strain and has been deposited in the American Type Culture Collection as strain ATCC 43663.
